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ABSTRACT: 

1406650 Mixing apparatus; Fluid-energy mills; Pneumatic separation CROWN ZELLERBACH 
INTERNATIONAL INC 6 Dec 1972 [31 Jan 1972] 56376/72 Headings B1C, B2Aand B2H [Also 
in Divisions B1, 88 and F4] In apparatus for mixing de-agglomerating, separating and 
transporting fluid-entrained particulate material, the fluid enters at 43 and issues from an annular 
slit 37, entraining particles from hopper 10 and attaching itself to surface 35 whereby it passes 
along a first flow path 1 1 at the end of which it encounters a fluid curtain issuing from an annular 
slit 16. Particles undergo de-agglomeration and intense mixing in the zone of the curtain. Fluid 
from the slit 16 together with any particles entrained thereby then attaches itself to the surface 17 
whereby it is guided into a second flow path 21 and the entrained particles art deposited in a 
collector 22. Particles having sufficient momentum at the end of the first flow path may pass 
through the curtain and fall into a collector 27; or if their momentum is greater still may be 
entrained by fluid issuing from an annular slit 26, which attaches itself to a surface 68, 24 and 
conveys the particles through a conduit 25 to a further collector (not depicted). The widths of the 
slits 37, 16, 26 are screw-threadedly adjustable (Figs 2 and 3, not shown) and the assembly 
consisting of nozzle assembly 15 and arm 95, (together with conduit 25 and collector 27) may be 
axially adjusted by crank 98 to position slit 16 in relation to the flow attachment surface 17. The 
collector 27 may be open at 90 as shown, to entrain atmosphereic air, or may be closed and 
have a tangential inlet (92, Fig 5 not shown) for fluid entrained or under pressure, and a 
tangential outlet (93) for fluid and entrained particles. Examples and applications relate to the. 
separation of polyethylene fibres from water and sand, de-agglomeration of polyethylene fibres 
intended for making synthetic paper, separating and opening of rayon staple fibres, mixing of 
fibres of polyethylene and rayon, the coating of transported particles by vapours or powders, and 
the transport of ground metallic ores, metal particles, wood chips, cellulose fibres and cereal 
grains. 
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(71) We, Grown Zellerbach bnm- 
NATIONAL iNC, a Corporation organised and 
existing under the Laws of the State of Dela- 
ware. United States of America, of, One 
Bush Street, San Francisco, California 
94119, United States of America, do hereby 
declare the invention, for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement: — 

The present invention relates to a method 
of and apparatus for treating and transpor- 
tation of Md-entramable particles. 

A phenomenon known as the "Coanda 
dfect" has be^ known for many years. 
Briefly, this phenomenon can be described 
as the tendency of a fluid, which emerges 
from a slit under pressure, to attach it^f 
or ding to and follow a surface in the form 
of an extended lip of the slit, which lip re- 
cedes from flow axis of the fluid as it 
emerges from the slit. This creates a zone of 
reduced pressure in the area of the slit and 
so air or any other entzainable material 
which is in the zone will become entrained 
and flow with die fluid which has attached 
itself to the extended lip. A Coanda nozzle 
may, therefore, be defined as a device 
utilizes this phenomenon. 

It is also known that a fluid emerging 
from a slit under pressure will attach itseS 
to and follow a receding deflection surface 
even though the surface is spaced from the 
slit, and such flow attachment also causes 
a zone of reduced pressure and subsequent 
entrainment of air or other material in the 
zone of the attached flow. 

Even though Coanda nozzles have been 
effectively used rapidly to transport particu- 
late material, it is often desirable, especially 
if the material is somewhat agj^omerated, to 
subject the material to a greater rupturing 



or disseminating force than is achieved by 
mere rapid in-line movement of entrained 45 
material, and it would be desirable to 
accomplish this during transportation rather 
than require a separate operation to do so. 
Materials having diSmnt characteristics 
(e.g. different specific wd^ts) are often 50 
transported in mixed form, and it would be 
desirable to provide at least some degree of 
separation or classification of the material 
during transportation thereof. OAer times, 
it is desirable to provide good mixing of the 55 
material being transported durmg transpor- 
tation thereof. 

In accordance with one aspect of the pre- 
sent invention there is provided a method of 
treating fluid-entraiuable particles including 60 
the steps of advancing the particles entrained 
in a fluid from an inlet to an outlet end of 
a first flow path; and providing from a slit 
a high velocity fluid-curtain barrier which 
intersects the first flow path at die outlet 65 
end thereof the fluid curtain being diie^ed 
onto a substantially curved flow-attachment 
surface with any partides entrained by the 
fluid of the fluid curtain being carried along 
a second flow path defined by said flow-at- 70 
tachment surface due to the Coanda effect 

A further aspect of the invention provides 
apparatus for treating and transporting fluid- 
entrainable particles comprising a first flow 
path having inlet and ouflet ends, means for 75 
causing particles witii an entraining fluid to 
be advanced along the first flow path from 
die inlet to flie outiet end thereof; a fluid- 
curtain generator adjacent the outiet end of 
the first flow patii having an exit slit for 80 
providing disdiarge of fluid from the sKt to 
loim a high velocity fluid-curtain barrier in- 
tersecting the first flow patii* and a substan- 
tially curved flow-attadunent surface spaced 
from the fluid-curtain generator and so posi- 85 
tioned in relationship with the position of 
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the fluid curtain generator, tbat during use 
of the apparatus the fluid of said curtain and 
any particles entrained thereby follow said 
flow-attachment surfoce due to the coanda 
5 dSect in a second flow pattu Preferably Ae 
first flow path is provided by a fict nozzle 
assembl]^ provided wifli internal and exter- 
nal particle-flow directing surfaces, said in- 
ternal surface havmg a particle inlet end 

10 and a particle outlet end, the fluid curtain 
generator comprises a second nozzle as- 
sembly includmg a fluid-exit slit positioned 
adjacent the ouflet end of the first nozzle as- 
sembly, and means for directing fluid 

15 through tiie slit to provide a fluid curtain 
moving in a direction mtcrsectmg the first 
flow path; and the external particle-flow- 
directing surface of the first nozzle com- 
prises the external flow-attaciment sutfece. 

20 The present invention will be further des- 
cribed, by way of example, with reference 
to the accomipanying drawings, in which: 
Figure 1 is a side elevational view, with 

' parts broken away for clarity, of apparatus 

25 embodying the invention for treating and 
transporting fluid entrainable particles; 

Figure 2 is an enlarged side view, with 
parts broken away for clarity, of a nozzle 
assembly used in the apparatus of Figure 1; 

30 Figure 3 is an enlarged side view, with 
parts broken away for darity, of another 
nozzle assembly as used in the apparatus 
of Figure 1; 
Figure 4 is a sectional view taten on the 

35 line 4— 4 of Figure 2; 

Figure 5 is a reduced sectional view 
taton on the line 5—5 of Figure 1, with 
parte r^oved for clarity; and 
Figure 6 is a sectional view taken on the 

40 line 6-5 of Figure 1, 

Referring to Egure 1, particulate material 
to be transported is supplied from a hopper 
10 to a first flow path 11 for the matenal 
which flow, path is defined by the internal 

45 surfac^ of a first nozzle assembly 12. This 
material is entrained and rapidly transported 
in a suitable fluid, such as air, in the direc- 
tion of the arrow leading from inlet end 13 
to outlet end 14 of the first flow path 11. 

50 A fluid-curtain generator in the form of 
a second nozzle ass^bly 15 is positioned 
adjacent the outlet end of the first flow path 
so as to generate a hi^ velocity fluid cur- 
tain, such as hifiji velocity an:, vrfbich eman- 

55 atcs from a fluid-exit slit 16 m the second 
nozzle assembly, to provide a fluid-curtain 
barrier whidi intersects the first material 
flow path 11 at die outlet end thereof. The 
fluid curtam is directed from the slit 16 to a 

€0 flow-attachment surface 17, whidi at one 
end is in the form of a convexly curved, ex- 
ternal end of nozzle 12 and the convexly 
curved end is spaced in close enough proxi- 
mity to the slit 16 for the fluid curtain to 

65 attach itself to and follow surface 17 due to 



the aforementioned Coanda effect Jn pre- 
ferred fonn, as illustrated, the fluid curtam 
moves in a direction intersecting the first 
flow pafli at an angle substantially perpen- 
dicular thereto. The fluid curtam carries any 70 
entrained particles with it as it follows along 
external nozzle surface 18 in the direction 
of the arrows. This fluid curtain entrams 
additional air from an external source (such 
as the atmosphere) \^di enters from 75 
around the end 19 of shroud 20 further to 
reduce the particle concentration by entiain- 
ment of additional air. Tlie internal snrfoce 
of shroud 20 togedier with the external sur- 
face 18 of the first nozzle assembly define a 80 
second flow path 21 having an inlet end in 
communication with the ouflet end of tiiie 
first flow path 11. The flow-attachment sur- 
face is so positioned as to change the direc- 
tion of flow of any particles entrained by 85 
the curtain at least 90 degrees with respect 
to the direction die particles were travefling 
in the first flow path. 

In the preferred embodiment illustrated 
in the drawings, any particles which have 90 
been entrained by the fluid curtam then 
inove along the second flow patii in the 
direction of the arrows, and the direction of 
movement of the jartides in the second flow 
path 21 is opposite or 180 degrees to die 95 
direction the particles have moved along the 
first flow path 11. 

The entrained particles are moved from 
the Second flow pafli into any suitable col- 
lector 22,. While the type of collector is not 100 
critical, it has been illustrated as a recep- 
tacle having a screen 23 to permit air to 
pass out of tile receptacle wWle retaining the 
partides therein. 

At tiic ouflet end of the first flow path 11, 105 
prior to encountering the fluid curtain, die 
particles are at a rather high velocity, pre- 
ferably at least 40 feet per second (12 metres 
per second) when the entraining fluid is 
gaseous, such as air. The fluid curtain eman- no 
ating from slit 16. whidi intersects this flow 
pafli also is movmg at a hi^ vdodty whidi 
is preferably at least 300 feet per second (90 
metres per second) wh^ a gaseous fluid, 
sudi as air, is used to provide the curtain. 115 
The partides upon contact wifli the fluid 
curtain fliereby undergo a violet shock so as 
to cause a rupture or breaking up of any 
agglomerated particles. K the particles have 
not achieved suffident momentum to pene- 12O 
trate the fluid curtain, they will be entrained 
in the fluid curtain and move along the 
second flow pafli 21. There may, however, 
be partides which have achieved sufficient 
momentum in the first flow path 11 to pene- 125 
trate the fluid curtain. These particles, after 
penetrating the curtain, are moved by suit- 
able means for conveying them in a direc- 
tion away from the second flow path of the 
entrained partides. ijg 
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Actually, the particles which penetrate the 
curtain may be classified further into two 
general types, namely, those which have 
developed suflBcient momentum to penetrate 
5 the fluid without substantial deflection of the 
particles, and those ^ch are partially de- 
flected by the air curtain, but which, due to 
coitrifugaj force, do not follow die air cur- 
tain but are expelled tiierefrom in a direc- 

10 tion extending substantially 90 degrees from 
the direction of flow in the second flow path 
21. This further classification is optional 
and, if desired, all of the material which 
penetrates and is not moved along the 

IS second flow path 21 could be collected into 
a single fraction. 

To summarize, use of the described appa- 
ratus in its preferred embodiment not only 
has capabiUty of exerting forces by contact 

20 of particles with the fluid curtain which 
causes deagglomeration and intmse m\m^ 
in the zone of the curtain, but also has cap- 
ability of classifying partides into three 
g^eral fractions, depending on the momen- 

25 tum achieved by the particles at the ouflet 
end 14 of the first flow path. A first fraction 
are the particles which do not develop suffi- 
cient momentum to penetrate the curtain or 
have lost inertia due to deagglomeration, 

30 and the particles in the first fraction are en- 
trained by the fluid curtain and moved along 
flie second flow path 21. A second fraction 
are those particles devdoping sufficient 
momentum to penetrate the curtain without 

33 being substantially deflected, and the parti- 
des in the second fraction ent^ the zone 
between suitable conveying means in the 
form of another Coanda flow-attachment 
suiface 24 and a shroud 25 where they are 

40 moved to any suitable coDector Huid for 
entraining this second fraction is supplied 
from a sKt 26 which is located on flie 
opposite side of the fluid curtain supphed 
by slit 16 from die first nozzle assembly 12. 

45 A tiiird fraction are those particles develop- 
ing an momentum between that devdoped 
by the first and second fractions. This third 
fraction is expelled from the air curtain into 
a suitable coUector 27. 

50 In order to obtam an understanding of 
die structural detail of a preferred emTOdi- 
ment for the first nozzle assembly 12 sup-, 
ported wifhm the g^ierally cylindrical 
shroud 20, reference should be made to 

55 Figures 3 and 6, viewed in connection wifli 
Figure 1. The shroud 20 is supported from 
any suitable supporting base 28 through the 
medium of a clamp member 29. 
Tlie first nozzle assembly 12 has a main 

60 body portion in the form of an elongated 
diffuser member 30 which is supported con- 
centrically widiin and spaced from the inner 
surface of shroud 20. The diSuser member 
is annular in cioss-sectional configuratioa in 

65 that it has a generally cylindrical outer sur- 



face 18, and an inner surface 31 which 
diverges from a fliroat portion 32 to outlet 
end 14. Hie external sorfoce of die diffuser 
is provided widi an externally-threaded, re- 
cessed portion at the fliroat end 32 to receive 70 
a first fluid-exit slit-forming member 33. The 
member 33 is annular in cross-sectional con- 
figuration, and one end Aereof is provided 
with internal threads 34 for receiving the 
threaded end of the diffuser member. As 75 
seen at Figure 3, die inner surface 35 of 
member 33 is convexly curved and the end 
36 opposite die threaded end is utilized to 
define one side of a fluid-exit slit 37. This 
slit 37 is located adjacent die inlet end 13 80 
of die first flow path for the material. The 
inner suiface 35 of member 33, togedier 
with the material inlet end of diffuser 30, 
defines a fliroat portion 32 for die first ma- 
terial flow path in fliat die surface 35 con- 85 
verges from die slit 37 toward die diroat. 
The opposite side of fluid-exit slit 37 is de- 
fined by an inwardly projeoing flange 38 on 
an annular, external slit-defming member 
39. A recessed external surface .40 on mem- 90 
ber 33, together widi internal surface 41 on 
member 39, defines a fluid-pressure chamber 
42 which is in communication wifli slit 37, 
and the chamber receives fluid, such as air, 
under pressure from a suitable fluid supply 95. 
line 43. The fluid undcx pressure tfaer^ore 
emerges from die slit and, due to die Co- 
anda effect attaches itself to and follows 
surface 35 in a converging path to die 
fliroat 32. From the fliroat, die flow path 100 
diverges to flie oudet end 14 of the nozzle 
assembly 12. This rapidly moving air estab- 
lishes a zone of reduced pressure so that it 
entrains additional air and any particulate 
material located in the zone on the opposite 105 
side of slit 37 from surface 35. Particles en- 
trained by diis fluid are tiiereby rapidly 
transported from inlet end 13 to ouflet 14 
of the first flow pafli defined by internal sur- 
faces of die first nozzle assembly. no 

It is desirable to provide means for ad- 
justing the size of sHt 37; and, to accom- 
plish this, fliere is a threaded connection at 
44 between the members 33 and 39. There- 
fore, if member 39 is turned in one direc- 115 
tion, the slit size is increased, and if it is 
turned in flie oflier direction, the slit size is 
decreased. In order to permit an operator 
to ascertain the extent of increase or de- 
crease of the sht size widiout actual mea- 120 
surement, a spring-biased detent 45 extends 
slighfly from the recessed surface of diffusor 
member 30. Cooperating widi die detent 45 
is a plurality of countersunk portions 46 
formed in and equidistanfly spixd around 125 
die end of member 39. If, for example^ fliere 
are thirty-six countersunk portions, the. 
operator will know that the member 39 has 
to be tnmed 10 degrees to move the detent 
from one cpuntersnnk portion into the one 130 
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next adjacent Because of the threaded con- 
nection of member 33 to member 39, the 
operator can readily ascertain that each turn 
of 10 degrees, depending on the direction, 
5 will increase or decrease die size of slit 37 
a predetermined amount, depwding on the 
thread pitch in the threaded connection. A 
sealing ring 47 is provided between the outer 
surface of member 33 and the inner surfooe 

10 of member 39. 

To complete the outlet end 14 of the 
nozzle assembly 12, an annular member 48 
is fixed thereto by fastens 49. The member 
48 has a convexly-curved, external surface 

15 to provide the aforementioned flow-attadi- 
ment snrface 17 for the fluid curtain whidi 
exits from slit 16 in the second nozzle as- 
sembly 15. 

A conical manber 51 is secured to mem- 

20 ber 39 by appropriate fasteners 52, and the 
external converging surface of this conical 
member, therefore, acts as a diffuser in the 
sense that the cross-sectional area of the 
second flow path 21 is gradually increased 

25 as the particles move in a direction toward 
the point 53 of the conical member. A ma- 
terial supply duct 54 leads to an internal 
cavity 55 in the conical member, and this 
cavity is in direct communication with the 

30 first flow path 11 leading &om slit 37 con- 
tinually to supply materid to be transported 
to the zone ad]acent the slit for entrainment 
of siich material by fluid exiting from the 
slit because of the aforementioned Coanda 
.35 effect 

Structural details of a preferred embodi- 
ment of a second nozzle assembly 15 are 
illustrated at Figure 2. A generally cylindri- 
cal outer fluid conduit member 56 has a 

40 fluid supply duct 57 in communication 
therewith, and an exterior collar 58 having a 
sloping exterior surface 59 extends concen- 
trically around and is secured to the outer 
surface of the conduit 56. An inner, gener- 

45 ally (^lindrical, fluid conduit member 60 is 
supported concentrically within and spaced 
from tiie outer moDDlber 56, aiid this inner 
conduit is in communicatioa with a supply 
duct 61. An extension Gl for conduit 60 is 

50 utilized to convey fluid under pressure from 
the conduit 60 to the fluid-e^dt slit 16 vta 
9penings 63 which lead to a cavity 64 in 
commxmication with this slit 16. Hie exten- 
sion member . 62 is connected to conduit 60 

55 by an annular connector member 65. Exter- 
nal, recessed, surface portions 66 of die 
connector member 65 are threadoi to re- 
ceive the internal threads of annular fluid- 
exit slit-forming member 67 which has a 

60 convex outer surface portion 68 leading 
- away from slit 26 to form one bounds^ for 
this slit The member €1 has countersunk 
portions 70 fonned therein at one end there- 
of for receiving a spring-biased detent 71 m 

65 extendon membeir 65 to permit adjustability 



of the size of slit 26 in the same manner as 
wcplained in connection with adjusting the 
size of slit 37 in the first nozzle member 12. 
A sealing ring 1% is provided between the 
outer surface of connector member 65 and 70 
the inner surface of msmter 67. 

Spacer rings 73 are positioned around ex- 
tension member 62 to wedge a ring-lite 
fluid-exit slit-forming member 74 into place 
between a circumferential external flange 75 75 
on the extension member 62 and a circum- 
ferential external flange 76 on connector 
member 65. 

Surface 77 on flange 75 defines one boun- 
dary of fluid-exit slit 16. The other boun- 80 
dary of slit 16 is defined by an extension lip 
78 on a collar 79, which coDar is threaded 
onto external threads 80 on extension mem- 
ber 62 so that the size of slit 16 can be ad- 
justed by turning coDar 79 in relation to 85 
member 61 The flange 75 and collar 79 
have complementary, generally cylindrical, 
external surfaces and are of such a size so 
that the slit 16 can be placed concentrically 
widiin tiie same plane as the plane defined 90 
by the extreme Irft end (as viewed in Figure 
1) of flow-attachment surface 17. 

Means for permitting the operator to de- 
tennine the extent of increase or decrease in 
flie size of slit 16 is provided by a spring- 95 
biased detent 81 in surface 82 of collar 79, 
which detent is adjustably received m coun- 
tersunk portions 83 in ring-like member 84, 
the latter member also bemg threaded onto 
the extension member 62. A sealing ring 85 100 
is provided between the outer surface of 
member 62 and the inner surface of member 
79. A nose cone 86 is threaded onto flie ex- 
treme right end (as viewed at Figure 2) of 
extension member 62. As seen at Figure 1, 105 
the nose cone projects from slit 16 concen- 
trically into the end of the first nozzle 12, 
and ±e cone 86 serves as a guiding surface 
causing particles in the first flow path to be 
moving at substantially right an^es to tiie HO 
fluid curtain when contact is made with die 
curtain. 

Fluid under pressure readies chamber 87 
supplying fluid to flie slit 26 via openings 
88 tiuough connector member 65. Fluid \\S 
exiting from slit 26 attadies itself to surface 
€8 and follows this surface due to the afore- 
meptioned Coanda effect This attached 
fluid entrains additioned air and any parti- 
cles whidi are in the vicinity of flie slit Ex* 120 
temally spaced, cylindrical shroud 25, to- 
gedier witii surface 24, defines a flow path 
for material moving along surface 24 in flie 
direction of the arrows (Figure 1). 

As indicated above, collector 27 is utilized 125 
to collect those transported particles whidi 
have not developed sufficient momentum at 
the ouflet of flie first nozzle 12 to continue 
in a strai^t pafli so that the partides aie 
deflected by &e air curtam and e7q)dled in- 130 
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to this collector. As illustrated at Figoies 1 
and 5, die collector V has a curv^ inner 
circumferential surface 89 which cooperates 
widi back wall 89a so as to only partially 
5 enclose the space between shrouds 20 and 
25, leavipg a space 90 for additional air to 
be entrained from the atmosphere. Sudi en- 
trainment of additional air is caused by flow 
attachment on surfaces 17 and 24 by air 

10 exiting from slits 16 and 26, Optionally, an 
enclosed chamber could enclose space 90 
with air being supplied under pressure to 
the chamber. In this modification an inter- 
nal, curved divider 91 in the collector de- 

IS fines an inlet 92 for receiving air to be en- 
trained through this inlet or recdved under 
pressure, and an outlet 93 for removiog air 
and any material entrained thereby. The air 
from inlet 92 follows a tangential swirling 

20 flow path around the inner surface of the 
collector and leaves through outlet 93 carry- 
ing entrained material with it Centrifugal 
forces throw the particulate material against 
surface 98 and the flow causes the material 

25 to follow this surface to outilet 93. Instead of 
using a positive pressure air to supply inlet 
92, it is possible to utilize a Coanda nozzle 
(not shown) in oudet 93 which directs ak 
and entrained material outwardly for re- 

30 moval from die collector. 

. An L-shaped supporting frame member 
94, which is generally rectangular in cross- 
section, is secured to the damp 29 adjust- 
ably to support the second no^e assembly 

35 IS therefrom. The supporting arrangement 
is sudi that die first and second nc^e as- 
semblies are adjustably supported rdative to 
each other to permit adjustment of the posi- 
tion of the fluid-exit sHt 16 relative to exter- 

40 nal flow-attachment surface 17 of the first 
nozzle assembly. A complementary L- 
shaped supporting frame member 95 extends 
through diroud 25 and is secured at one 
end to the second nozzle assembly 15. The 

45 other end of the frame 95 has a nose portion 
96 having a thread aperture 97 extending 
therethrough and, as is dear from Figure 1, 
the Old of frame 95 is snugly positioned 
widiia one leg of frame 94. A crank arm 

50 98 is rotatably supported on frame 94, and 
die crank is used, to turn a direaded shaft 
99 which is received in threaded aperture 
97. Thus rotation of crank arm 98 will un- 
part horizontal movement to second nozzle 

55 assembly 15 with respect to first nozzle as- 
sembly 12 and so this provides means for 
adjusting the position of exit slit 16 on the 
second nozzle assembly 15 relative to the 
flow-attachment surface 17 on the first 

60 nozzle assembly 12. 

Reference should be made to Figure 1 for 
illustration of proper relative positioning of 
the component parts of the apparatus of diis 
invention. The slit 16 should be in approxi- 

65 matdy the same plane as a plane mto \^ch 



all gpmts on the extreme left tip (as viewed 
at Figure 1) of the attadiment surface 17 
would fan. It is possible, however, to obtain 
flow attachment of die fluid curtain from slit 
16 onto surface 17 by moving the slit as 70 
much as one-half indi (1.27 cms) to die left 
of die plane. It is usually not desirable to 
move the slit to die right of the plane be- 
cause, while it is still possible to get some 
flow attachment of die fluid cartaui onto 75 
surface 17, positioning of die slit to die ri^t 
of tins plane generates back pressure and in- 
stability of flow in die first nozzle assembly 

As has been indicated above, means are 80 
provided for adjusting die widdi of slits 16, 
37 and 26. It is desirable that fliis range of 
adjustability permits die slit widdi to be 
adjusted between a range of .001 inch to 
.150 indi (0.0025 cms to 0.38 cms). For 85 
most uses presenfly contemplated, die slit 
vwddi whidi is chosen wiD lie between 0 003 
inch (0.0075 cms) and .050 indi (0.125 cms). 

For a given slit widfli. an increase in die 
pressure of fluid diat is supplied to the slit 90 
will increase die velocity of flie fluid as it 
exits from the slit and moves over its flow 
attachment surface; and. flierefore, die velo- 
city imparted to die material entrained in 
this fluid win increase. Pressures fliat may 95 
be used in supplying transporting fluid to 
the slits may vary over a radier wide range, 
such as between 1 psig and 400 psig (0.07 
and 28 kilo/sq. cm.) depending on die velo- 
city it is desired to achieve and die nature 100 
of die operation desired to be performed on 
die material being transported. For most 
uses presendy contemplated, die pressures 
of die fluid supplied to die slits will lie be- 
tween about 5 psig and 100 psig (0.35 and 105 
7 kilo/sq. can). 

It is important diat die velocity of die 
fluid widi its entrained flow supplied from 
dit 37 when it reaches the oudet end 14 of 
die first flow pad! 11 be not so great as to 110 
cause detachment of die fluid curtain sup- 
plied by slit 16 onto surface 17. Oflierwise, 
none of die material would foDow die 
second flow padi 21. Therefore, in most in- 
stances, die operator will select die pressure 115 
he desires for fluid exit from slit 16, and 
imtially cause fluid to exit from diis slit and 
attach itsdf to follow surface 17. The opera- 
tor will dien gradually raise die pressure of 
the fluid exiting from slit 37 until a value 120 
is reached where die flow of die fluid cur- 
tain supplied from slit 16 detaches from die 
surface 17. This is die limiting pressure to 

• slit 37. For die slit sizes diosen, die fluid 
supplied to slit 37 must flien be at a prcs- 125 
sure less dian would cause flow detachment 
from surface 17. Conversely, an operator 
could first predetermine a required mate- 

• rial through-put rate adiieved by adjusting 
pressure and sUt size for sHt 37. The opdl- 130 
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tor may then gradually raise the piessuie 
and/or adjust sUt size of exit slit 16 until a 
condition of flow attachment of the cortam 
from slit 16 to surface 17 is obtahied. 
5 As indicated above, the flow vdodties, as 

■ pvemed by pressures and slit sizes, chosen 
for the entraining fluid in flow path 11, as 
compared to the flow velocity of the fluid 
curtam from slit 16, will depend on the type 

10 of operation that it is desired to perform 
on the material being transported. K, for ex- 
ample, the material being transported in- 
cludes a mixture of two types of mataial 
(one type of which is capable of devdop- 

15 ing higher , momentum than the other, and if 
separation of the two types of material is 
desired, flien it will be desirable to establish 
as hjgh a velocity as possible in flow path 11 
without causing detachment of the curtain 

20 from attachment surface 17. 

. On the other hand, if it is mosfly desired 
to cause a breaking up, mixmg or deagglo- 
meration of particles being transported, flicn 
the velocity of the fluid curtam from slit 16 

25 will be adjusted to be high in relation to the 
velocity of the particles transported in first 
flow path 11. In the latter mstance, it will 
be highly preferable to utilize a hi^er pres- 
sure for tiie fluid that supplies slit 16, as 

30 compared to the pressure of the fluid that 
supplies slit 37. 

While, as indicated above, velocities im- 
parted to the entrained material may be 
varied, it is preferable to adjust the pressure 

35 and slit size for the material to achieve a 
velodty of at least 40 feet per second (12 
metres per second) at flie outiet end of flow 
path 11, and to adjust pressure for the fluid 
curtain from slit 16 to achieve a velodty of 

40 at least 300 feet per second (90 metres per 
second), these stated vdodties being for 
most tj^es of partides and where a gaseous 
entraining fluid is used to transport the par- 
. tides. 

90 Pressure supplied by line 43 

Widtii of slit 37 

Length of nozzle from slit 12 to end 14 ... 

Diameter of throat 32 

, Internal diameter of diffuser at outlet end 14 

95 Diameter of external surface 18 

Biternal diameter of shroud 20 

Pressure supplied to slit 16 

Width of sUt 16 

External diameter of slit 16 

100 Horizontal distance (to the left as viewed at 
Figure 1) of slit 16 to tiie vertical plane of 
the extreme left end of surface 17 

Pressure supplied to slit 26 

Width of slit 26 

105 External diameter of surface 24 (largest) ... 

Internal diameter of shroud 25 

Horizontal separation distance of ends of 

shrouds 20 and 25 

: fatemal diameter of collector 27 

110 Internal diameter of flange 89a 



Tlie specific type of material or particles 
to be transportal, so long as they are en- 
trainable in a fluid, are not critical. Tlie par- 
tides may be any fluid-entrainable materials 
which may be entrained in the transporting 
fluid at the velocities employed. Thus, m 
certain instances, it may be desirable to 
transport such particles as ground metallic 
ores, metal particles, cereal grains, wood 
chips, cellulose fibres, fine powders, and 
many other materials by use of tiie described 
method and apparatus. 

Notwithstanding the fact that many addi- 
tional types of partides may be transported, 
examples whidi are hcrdnafter presented 
illustrate the use of this invention with cer- 
tain types of material, the treatment of 
which has been found to be espedally ad- 
vantageous. When reference is made in these 
examples to polyefliylene fibres, sudi fibres 
are of a type such tiiat after they have been 
suitably prepared for making synflietic 
paper, are of papermaking size, ie., about 
02 to 3 mfllimetres in length and have a 
diameter or widfli of about 20 to 400 
microns. When reference is made to rayon 
staple fibres, such fibres are f inch (0.95 
cms) in lengtii and 3 denier. The rayon 
staple, as supplied is in the form of many 
individual fibres closely packed together to 
form fibre bundles. 

With further reference to the examples 
which follow, when reference is made to tiie 
"F" fraction it means that fraction of ma- 
terial which has been entrained by the fluid 
curtain and has been collected by the col- 
lector 21 The "R" fraction is a fraction 
which has penetrated the curtaun and is col- 
lected downstream of the surface 24. The 
"C" fraction is a fraction whidi has been 
collected in collector 27. 

In the examples which follow, the appa- 
ratus which was used had tiie foUowmg 
physical and operating characteristics (un- 
less otherwise noted): 

Size 



inches 
{cms) 



0.006 


( 0.015) 


20.0 


(50.8) 


0.6 


( 1.52) 


U3 


( 3.89) 


3.00 


(7.62) 


5.50 


(13.95) 


C.020 


( 0.051) 


C.7S0 


( 1.905) 


0.06 


( 0.152) 


0.003 


( 0.008) 


1.8 


(4.57) 


4.0 


(10.02) 


1.5 


(3.8) 


14.0 


(35.5) . 


10.0 


(25.4) 



Pressure 
psig 

{kSo/sq. cm). 
30 (2.1) 



30 (2.1) 



30 p.l) 



45 



50 



55 



60 



65 



70 



75 



80 



85 



7 



1.406,650 



7 



Example 1 
In this example, wet synthetic polyethy- 
lene fibres were intimately mixed with sand 
and the mixture was transports through the 
apjparatus described above. Individual 
wi^ts of the fibres, water and sand in the 
input mixture and» also in each of the col* 



15 



20 



25 



30 



35 



40 



45 



50 



90 



iected fractions were determined. Measure- 
ments were made of the particle size of the 
sand in the input mixture and in each frac- 
tion. The specific weight of the fibres is 
about 0.95, and ±e spedfic weight of the 
sand is about 2.56. The results are tabulated 
in the following Table L 



TABLE I 



Weight of fibre (gm) dry basis 

Weight of Water (gm) 

Weighit of sand (gm) dry basis 

Sand-partide size: 

% retained in 35-mesh screen 

. % retained in 100-mesh screen 

% passed through 100-mesh screen 

The foregoing data dearly indicates that 
most of the fibres, which have substantially 
less specific weight than the sand, are en- 
trained by the fluid curtain and pass to the 
"F" fraction. The sand devdops sufficiait 
inertia to permit it to penetrate the fluid 
curtain, as is demonstrated by the fact that, 
of the total sand transported, less than 2% 
was carried with the fibres to the "F' frac- 
tion. Much less sand is contained m the "C' 
fraction flian in the "R" fraction. The data 
further indicates that there is a twidency for 
the coarser sand to go into the "R" fraction 
and the finer sand to the deflected and cap- 
tured in the "C fraction. Moisture was re- 
moved from the fibres which passed to the 
*T" fraction, as evidenced by the fact that 
the input fibres were only 74% O.D. (oven 
dry), but the fibres in die "F" fraction were 
93% OD. (oven dry). 

Example 2 

In this example, polyethylene fibres were 
utilized in a mixture which also had some 
small polymer chunks therein, the chunks 
being heavier than the individual fibres. In- 
duded, also in the mixture were some 
severdy entangled fibres. A sample from 



80 



85 







Fraction 




Input 








51.77 


30.60 


14.95 


6.22 


18:23 


2.40 


5.79 


5;0S 


217.00 


4.00 


51.00 


1^.00 


26 


25 


12 


28 


72 


70 


83 


71 


2 


5 


5 


1 



this mixture (prior to being transported 
through the apparatus described above) was 
used to make a 6.25-indi (15.9 an) dia- 
meter, 36 pound/3000 sq. ft. (58.6 gms/sq. 
nietre) basis weight, handsheet in a conven* 
tional manner by dispersiag die mixture in 
water in a vessd, shaking the vessel one 
hundred times, and then using the dispened 
mixture to form the handsheet on a forming 
wire m a conventional handsheet mould. 
The handsheet was calendered at 150 
pounds per lineal inch (26.8 kilo/cm). The 
presence of polymer chunks and agglomer- 
ated fibre bundles in the handsheet is indic- 
ated by die extent and size of transparent 
spots that appear in the handsheet after such 
(tendering, because such chunks and 
bundles have a tendency to transparentize. 
After passing another sample from the same 
mixture flirough the apparatus described 
above, handsheets were also formed and 
calendered from the **F', "R" and "C" 
fractions. Measurements were made of 
transparent spots formed in each handsheet 
by using a template to measure the size and 
by counting die number. The results are 
tabulated in die following Table 11. 



TABLE n 



Size and Number 
Over 



8nmi^ 

Input 45 

"R" Fraction ^ 

"C Fraction o 

"F* Fraction o 

* The number of 100 or over are approximations. 



61 
18 
13 
0 



4mm* 
96 
40 
26 
5 



2mm' 
♦100 

76 
♦133 

25 



2mm* 
♦300 
♦200 
♦500 
70 



The above data indicates there is an over- 
all breaking up of fibre bundles, as evid- 
enced by the reduction in large spots in all 
of the treated fractions as compared to the 
input fraction. The data also indicates there 



is a tendency for tiie "R" fraction to obtain 
the larger chunks and bundles, and a tend- 
ency for die "C" fraction to obtain the 
smaller chunks and bundles because tiie 
smaller diunks and bundles have more of a 



10 



55 



60 



65 



70 



75 



Transparent Spots 
Less than 
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tendency to be deflected by. the fluid cur- 
Example 3 

5 In this example, wet polyethjdene fibres 
ivhich were 57% O.D. (oven dry) with a 
moisture content of 43% were passed 
througji the apparatus as described above» 
except that the pressure of fluid supplied to 

10 fluid-OTt slits 16 and 37 were varied. The 
pressure is the air pressure supplied to 



25 



slit 37 and the pressure is the air pressure 
supplied to slit 16. The pressure supplied to 
slit 26 is the same as that supplied to slit 16. 
Measurements were made of the percentage 15 
of the original fibres supplied whidi were 
collected at each of the fractions for each 
pressure combination, and measurements 
were made of the moisture content on an 
O.D. (oven diy) basis for the "F" fraction, 20 
The results are tabulated in tbe following 
Table m. 



Pi 
psig 
(Mlo/ 
sq. cm) 



P. 



30 (2.1) 
30 40 (2.8) 
50 (3.5) 



ilo/ 
sq. cm) 

50 (3.5) 
40 (2.8) 
30 (2.1) 



TABLE ni 
fraction 



74.0 
65.7 
56.3 



The above data indicates that as the pres- 
sure from slit 37 increases, compared to the 
pressure from slit 16, the velocity imparted 

35 to the fibres also increases in the first flow 
path, and so more fibres penetrate the fluid 
curtain. Data also indicates that some drying 
of the fibres takes place. The amount in the 
"P* fraction could be increased by moving 

40 file shroud 20 to the left (as view^ at 
Figure 1) to intercept some of the particles 
fliat otherwise would pass to the "C frac- 
tion. If pressures are held constant, an in- 
crease in the size of slit 37 will decrease the 

45 amount of material in the "F*' firaction..An 
increase in the size of sHt 16 will increase 
the amount, of material in the "F' fraction. 
An increase in the amount of material in 
the "R" fraction can be accomplished by 

50 increasing pressure and/or dit size of slit 26. 

Example 4 

In this example, 116 grams of rayon 

55- staple fibres (in the form of fibre bundles, as 
indicated above) were placed in a graduated 
beaker and, without external compression, 
were found to occupy a volume of 0.8 litre. 
These fibre bundles were passed through the 

60 apparatus indicated above, except the pres- 
sure of air supplied to slits 16 and 37 was 
40 ps^. Sixty-seven grams of the fibres were 
collected as an fraction, and 49 grams 
total was collected at the **R" and frac- 

65 tions. The fibres collected at the "P' frac- 
tion were placed in a graduated beaker with- 
. out external compression and found to 
occupy a volume of 6.0 litres; and, .upon 
viewmj^ had die appearance of a mass of 

70 separated fibres. Tbis indicates that the 
trcatmoit was effective to break up and 
fluff the original fibre bundles. The "R" and 
*'C' fractions, when placed in a beaker, 
occupied a volume of 15 litres with a visual 



% "R" 
fraction 



182 
26.2 
39J 



% "C" 
fraction 



8.6 
8.8 
8.7 



ftacdon 



67 
63 
70 



appearance of a mixture of fibre bundles 75 
and separated fibres. 

Example 5 

In this example^ a sample including sub- 
stantially equal quantities of dry polyethy- 80 
lene fibres and rayon staple fibres were 
placed in a vessel and it was attempted to 
mix die fibres together by hand-shaking but 
only a very poor mixture was obtained. This 
sample was thrai transported tihrough the 85 
described apparatus and a sample obtained 
at the "F" fraction showed the polyethylaie 
fibres and the rayon staple fibres to be in- 
timately mixed with each other. This sug- 
gests that the forces encountered by the par- 90 
tides when th^ contact the fluid curtain are 
effective to intermix different types of fibres 
>«Wdi are of such a nature -as to be bofli 
transported by the fluid curtain. Rather than 
using different types of fibre^ it is possible 95 
to use the described method and apparatus 
to incorporate fine, lightweigjit powders into 
uniform admixture with fibres when both 
are simultaneously transported through the 
apparatus. It is contemplated that vapours 100 
or very fine particles functioning as coating 
agents for the entrained materM could be 
added to the straining fluid to take advant- 
age of the mixing zone provided by the fluid 
curtain to coat the transported partides. - 105 

From the above it, should be clear that 
the described method and apparatus has 
utility for achieving a number of desired re- 
sults in transportmg and treating particulate 
material, depending on tht nature of ma- 110 
terial being transported and the operating 
conditions chosen. Separation of particles 
capable of developing different momentum 
may be obtained. It is also possible to 
achieve good mixing and deagglomerating of 115 
particulate matter due to forces acting on 
the partides when tliey contact the fluid 
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cartaiiL Diyipg of wet fibrous matedal has 
also been demonstrated. 

WHAT WE CLAIM B:— 



1. Apparatus for treating and transport- 
ing fluid-entrainable particles comprisiQg a 
first flow path having inlet and oudet ends, 
means for causing particles with an entrain- 

10 ing fluid to be advanced along the first flow 
path from the inlet to the outlet end thereof; 
a fluid-curtain gwierator adjacent the outlet 
end of the first flow path having an exit 
sHt for providing discharge of fluid from the 

15 slit to form a velocity fluid-curtain 
barder intersecting the first flow pafli; and 
a substantially curved flow-attadunent sur- 
face spaced from the fluid-curtain generator 
and so portioned in relationship widi the 

20 position of the fluid curtain generator, that 
during use of the apparatus the fluid of 
said curtain and any particles entrained 
thereby follow said flow-attadiment surface 
due to die Coanda eSect in a second flow 

25 path. 

2. Apparatus as claimed in claim 1, 
wherein the first fiow path is defined by in- 
ternal surfaces of a first nozzle assembly. 

3. Apparatus as claimed in claim 2, 
30 wherein the means for causing the partides 

to be advanced comprises a feed fluid-exit 
slit located adjacent the inlet ^d of the first 
flow path and means for directing entraining 
fluid through the feed slit and along the in- 
35 temal surfaces in a direction from the inlet 
end to the outlet end of the first nozzle. 

4. Apparatus as daimed in claim 3, 
wherdn the internal surfaces converge from 
the feed slit to a throat portion and diverge 

40 from the throat portion to the ouflet end. 

5. Apparatus as daimed in claim 3 or 
4, wherein the feed slit size is adjustable. 

6. Apparatus as daimed in claim 2, 3, 4 
or 5, wherein said flow-att£^hment surface 

45 comprises an external end of the first nozzle 



7. Apparatus as dahned in claun 6, 
which further indudes a shroud q)aoed out- 
wardly from the external surface of ^e first 

SO nozzle assembly, said shroud and external 
surface together defining said second flow 
path having an inlet end in communication 
with the outlet end of the first flow path. 

8. Apparatus as claimed in daim 7, 
55 \^erein the direction of flow in said second 

flow path extends opposite to the direction 
of flow in said first flow path. 

9. Apparatus as daimed in any preced- 
ing daim, \Aerein the fluid-exit slit of the 

60 fluid-curtain generator is adjustable as to 
its size. 

10. Apparatus as clauned in any preced- 
ing daim, wherein the second flow path is in 
communication with an external air source 

65 for providing additional air to fdrtber re- 



duce partide-air conooitration by entialn- 
ment of the additional ah:. 

11. Apparatus accordmg Qann 1, 
wherem the first flow path is provided by a . 
fir^ nozzle assembly provided with mtemal '0 
and external partide-flow directing surfacesL 
said mtemal surface havmg a partide inlet 
end and a partide outlet end; tte fluid cur- 
tarn generator comprises a second nozzle as- 
sembly mcludmg the fluid^xit sUt positioned 75 
adjac^t file ouflet end of flic first nozzle 
assembly and means for directing fluid 
through flie slit to provide a fluid curtain 
movmg m a direction intersecting flie first 
flow path, and flie external partide-flow- 80 
directmg surface of die first nozzle com- 
P^^s®s die external flow-attachment surface. 
Apparatus as claimed in Qaim 

11, wherem the partide outlet aid of die 

first nozzle assembly is circular in cross-sec- 85 
bona] configuration, and external surfaces of 
tiie second nozzle assembly adjacent flie 
fluid-exit sht are substantiaUy cylindricaL 
the sht bemg positioned in substantiaDy flie 

same plane as fliat of flie drcular, partide- 90 
outiet end of flie first nozzle assembly, 

,.^3- Apparatus as danncd in Claim 11 or 

12, wherem tiie first and second nozzle as- 

ln.iu ^ -^f^i'^^^y supported rdative 
to eadi oflier to permit adjustment of flie 95 
position of fht fluid-exit slit of die second 
nrazle assembly relative to flie external flow- 
attadunent surface of flie first nozzle as- 
sembly. 

14. Apparatus as claimed in Qaim 11. 100 
U or 13 wherem a shroud is supported in 
spaced rdationship from die external par- 
ticle-flow-dnectmg surface of flie first 
nozzle assembly to define a boundary for 
toe second flow path for any partides en- 105 
tamed by flie- fluid curtain to foUow flie 
flow-attachment surface. 

15. Apparatiis as cldmed m any one of 
claims 11 to 14, whidi furdier includes 
means for causmg any partides which pene- 110 
frate the fluid curtain to be conveyed in a 
direction away from die second flow pafli 

16. Apparatus as dahned in Qann 15 
wlierein said means for causing conveyine of 
partides away from die second flow pafli in- 115 
mcludes a fluid-exit sHt located on die 
opposite side of flie fluid curtam from flie 
first nozzle assembly for directing fluid in 
flow-attached relationship onto a flow- 
attachment surface. 12O 
tr^^* ^Apparatus as daimed in Qami 15 or 

16. whidi further indudes a coflector de- 
vice for partides which penetrate the cur- 
tam. . 

18. Apparatus as clauned m claim 17. 125 
herein flie coflector device indudes a 
curved, mtemal surface in communication 
wifli a conveymg fluid inlet for supplying 
conveying fluid in tangential flow to flie ioh 
temal surface in a direction leading from 130 
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fhe inlet to a paitide outlet for xemoviog 
particles with the conveying fluidL 
■ 19. Apparatus as claimed in daim 15, 
wherein said means for causing conveying 
5 includes first conveying means for convey- 
ingany particles having suffident momentum 
supplied in the first nozzle to penetrate the 
fluid curtain without substantial deflection 
of the partides by the fluid curtain, and 

10 second conveying means for conveying par- 
tides having less momentum supplied in the 
first nozzle than the partides removed by 
said first conveying means, but greater 
momentum than partides wUch follow the 

15 flow-attadunent suz&ce. 

20. A method of treating fluid-entiain- 
able partides induing die steps of advanc- 
ing the partides entrained in a fluid from an 
inlet to an outlet end of a first flow nath; 

20 and providing from a dit a high velodty 
fluid-curtain barrier \vhich intersects the 
first flow path at the outlet end fhcrcot, the 
fluid ciirtiaia being directed onto a substan- 
tially curved, flow-attachment surface with 

25 any particles entrained by the fluid of the 
fluid curtain being carried along a second 
flow path defined by said flow-attachment 
surface due to the Coanda effect. 
. 21. A method as c^'^in: n^h-* 'v>^ 

30 wherein the partides are a mixture of par- 



tides capable of developing different mom- 
enta and which includes p^etrating the 
fluid curt^ with partides capable of deve- 
loping suffident inertia to penetrate said 
fluid curtain and removing such penetrating 35 
particles, and entraining for movement 
with the fluid curtain partides which do not 
deydop suffident inertia to p^etrate the 
fluid curtain. 

22. A method as dauned m Gami 20. 40 
which fiorther indudes separating partides 
which pene^te the fluid curtain into a first 
fraction ^di move along a path substan- 
tially coextensive wifli the first flow path, 
and a second fraction \riiich partially turn 45 
with the fluid curtain and are fbea expdled 
therefrom. 

23. Apparatus for treating and convey- 
ing fluid-entrainable particles constructed 
and arranged to operate substantially as 50 
herein described witii reference to and as 
illustrated in the accompanying drawings. 

24. A method of treating fluid-entrain- 
able partides substantiaUy as herein des- 
cribed with reference to the accompanying 55 
drawings. 

J. A. KEMP & CO., 
Qiartered Patent Agents, 

14 South Square, 
Gray's Inn, London W.Cl. 



Stationery Office by Buigess & Son (Abingdott), Ltd.— 1975. 
Published at The Patent Office, 25 Southampton BuSdings, London, WC2A. lAY. 
firom whidi copies may be obtained. 



1406650 COMPLETE SPECIFICATION 

9 curPTC drawing ft a reprotfuction of 
C ante 1 3 Oriflnolon a reduced scale 

Sheet 1 




1406650 COMPLETE SPECIFICATION 

> cuccTc Thft drawing is a reproduction of 
. ancEia Original on a reduced scale 

Sheet 2 




